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bespoke	and	unique	designs	 all	 rooted	 in	 the	 same	 technology	 and	 supported	by	
the	 same	 services.	 Taken	 together,	 Cyber-Physical	 Systems,	Cloud	Computing	 and	
Internet	of	Things	offer	a	neutral	platform	for	the	creation	of	hybrid	digital	physical	
objects.	 The	 economy	 of	 scale	 is	 reached	 by	 sharing	 the	 same	 technology	 across	
different	projects	and	potentially	very	different	domains.	This	vision	is	illustrated	by	
the	work	done	 in	 the	meSch	project	 and	 its	 platform	 for	 the	production	of	 novel	
interactive	experiences	 in	museums.	Six	 installations	designed	by	recombining	the	
same	electronic	components	and	the	same	services	are	used	as	a	case	study.	They	
show	 how	 the	 meSch	 platform	 is	 aligned	 with	 Industry4.0	 principles	 of	 enabling	
dynamic	 composition,	 supporting	 distributed	 production,	 and	 monitoring	 use	 for	
service	 improvement.	 As	 a	 platform	 it	 supports	 single-piece	 production	 and	
empowers	designers	to	create	bespoke	solutions	with	the	same	technological	core.	













































































































































































































	 	 	 	
	
Figure	5.	Voices	from	the	Past	in	Fort	Pozzacchio	is	a	permanent	installation.	(top)	At	the	entrance	the	visitor	receives	a	
pebble	used	to	activate	content	at	different	station	along	the	visit;	when	leaving	the	visitor	returns	the	pebble	to	the	desk	
and	receives	a	personalised	postcard	with	a	summary	of	their	visit.	The	pebble	has	an	NFC	read-write;	each	station	has	a	set	
of	Rings,	one	for	each	personal	story,	a	Hub	that	controls	the	Ring	and	a	Media	node	to	project	the	content.	At	the	exit	
another	Hub	controls	the	printing	of	the	personalised	postcard.	The	many	Hubs	are	needed	here	as	there	is	no	WI-FI	signal	
due	to	the	harsh	environment:	a	bomb	shelter	dug	into	the	mountain.	
The	Hague	and	the	Atlantic	Wall	was	a	temporary	exhibition	on	the	effect	the	construction	of	the	
Nazi	costal	defence	system	had	on	the	city	of	The	Hague	(Marshall	et	al.	2016)	(Petrelli	et	al.	2016).	
The	same	events	were	told	by	contrasting	voices:	the	German	soldier,	the	Dutch	civilian,	and	the	
Officer	who	had	to	do	the	bidding	of	the	occupiers	against	the	population.	Smart	replicas	of	historical	
objects	represented	a	voice	and	concealed	an	NFC.	Ten	display	cases	had	an	interactive	Ring	on	
which	visitors	placed	a	replica,	then	watched	a	video	projected	on	the	case	and	listened	to	the	story	
via	a	earpiece.	A	final	station	printed	a	personalised	postcard	that	gave	access,	via	a	unique	code,	to	
a	personalised	website	where	the	visitors	could	contribute	personal	memories	and	explore	those	left	
by	others.	(Figure	6)	
	
	 	 	
	
Figure	6.	The	Atlantic	Wall:	(top)	(left)	original	objects	and	the	replicas	representing	three	different	perspectives	on	the	same	
historical	events;	(centre)	the	interaction	at	the	case;	(right)	the	printing	of	the	postcard	and	the	online	interaction.	(bottom)	
The	replicas	conceal	NFC	tags;	ten	interactive	cases	host	a	Ring,	a	Hub	and	a	Media	unit	each;	the	printing	station	has	a	Ring	
to	read	the	replicas,	a	Media	to	display	instructions,	and	a	printer	for	the	personalised	postcard.	
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My	Roman	Pantheon	is,	at	the	time	of	writing,	in	production	and	expected	to	be	installed	at	a	
museum	of	Roman	archaeology	along	Hadrian’s	Wall	in	January	2017
1
.	It	offers	visitors	an	amusing	
way	to	engage	with	a	display	of	Roman	altars	through	the	performance	of	a	ritual	that	resembles	
customs	at	Roman	times	and	provides	information	about	the	gods	and	religion.	It	consists	of	a	
temple	where	the	visitor	is	greeted	by	Juno,	queen	of	the	Roman	gods,	and	is	given	three	gifts	of	
light	in	a	votive	lamp.	The	visitor	then	enters	the	museum	and	offers	the	gifts	to	three	gods	/	
goddesses	of	his	/	her	choice;	however	there	are	thirteen	altars	so	he/she	has	to	choose	the	three	to	
whom	they	offer	the	lights	to.	On	leaving,	the	offering	lamp,	now	empty,	is	returned	to	Juno	who	
rewards	the	worshipper	with	a	personal	oracle	of	the	visitor’s	future	at	Hadrian’s	Wall	based	on	the	
gods	that	have	been	honoured	with	the	lights.	Here	the	visitor	carries	the	Ring	while	the	gods	/	
goddesses	are	marked	with	NFC	tags.	(Figure	7)	
	
	 	 	
	
	
	
	
	
Figure	7.	My	Roman	Pantheon	is	an	installation	for	a	small	Roman	museum.	(top)	At	the	temple,	Juno	charges	the	visitor’s	
lamp	with	three	lights,	in	the	museum	the	visitor	looks	for	the	stands	close	to	the	altars	of	the	gods	and	offers	a	light	by	
swiping	the	lamp	on	the	board,	when	the	empty	lamp	is	returned	to	Juno,	the	oracle	is	printed.	(bottom)	Each	altar	in	the	
museum	is	marked	with	an	NFC	tag	while	the	visitor	carries	the	Ring;	the	temple	conceals	the	Media	node	that	controls	the	
animation	of	Juno;	the	Hub	controls	the	printing	of	the	oracle	(postcard).	
The	six	examples	above	show	how	the	same	simple	technology	can	be	embedded	in	many	different	
design	creating	different	experiences.		Each	example	was	the	outcome	of	a	co-design	and	co-creation	
process	(Petrelli	et	al.	2016b)	never	centred	on	the	technology	available.	Indeed	other	very	different	
interactions	have	been	created	as	part	of	the	meSch	project	using	different	combinations	of	IoT	
through	the	same	cloud	and	online	service	infrastructure	as	in	these	examples	(e.g.	Augmented	
Reality	(van	der	Vaart	and	Damala	2014),	proximity	sensors	(Wolf	et	al.	2015)).	
3.	An	Infrastructure	for	Digital	Craftsmanship		
The	extended	set	of	examples	above	shows	how	the	same	technology	can	be	recombined	to	create	
very	different	experiences	when	designed	around	a	specific	museum	/	heritage	sites.	This	flexibility	is	
made	possible	by	the	meSch	infrastructure	that	implements	a	version	of	Industry	4.0	(Hermann	et	
al.,	2016):	it	enables	the	rearrangement	of	components	with	minimal	effort;	uses	standard	for	
modular	and	distributed	production;	and	collects	use	data	via	goods	and	services.	Through	meSch	
the	different	components	communicate	with	one	another	to	enable	the	bespoke	rearrangement	of	
the	technology	with	minimal	effort.	The	online	services	implement	the	modular	and	distributed	
																																																																		
1
	Should	the	paper	be	accepted,	photos	from	the	installed	version	will	be	used.	
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production	that	allows	a	dispersed	team	(i.e.,	in	different	EU	countries)	to	collaborate:	the	museum	
creates	the	content	with	the	meSch.io	and	uploads	it	on	the	Cloud,	then	the	designers	deploy	the	
content	in	the	IoT	under	development	for	testing.	Finally	by	embedding	NFC	into	objects	handled	by	
visitors	it	is	possible	to	track	their	behaviour	for	further	analysis	of	for	offering	new	personalised	
services.	The	analytics	of	the	visitors’	data	is	particularly	relevant	in	a	perspective	of	Industry	4.0:	fed	
back	to	the	museum,	log	data	empowers	the	museum	to	better	understand	the	effectiveness	of	the	
exhibition	and	visitors’	engagement	and	dynamically	adapt	to	emerging	needs.	
With	meSch,	the	designers	take	the	technology	for	granted	and	focus	on	the	specific	experience:	the	
contrasting	voices	on	the	same	events,	an	emotional	journey	with	witnesses	of	war,	or	the	humour	
of	becoming	a	Roman	and	seeking	the	gods’	backing.	The	vision	of	Industry4.0	is	to	enable	extreme	
customisation	and	the	production	of	“batches	of	one”.	It	is	exploited	here	when	designing	for	the	
specific.	Key	to	this	vision	is	the	simplicity	of	use	that	fosters	skills	to	effectively	use	the	system	to	
develop	into	tacit	knowledge;	the	designers	then	engage	at	a	deeper	level	with	the	specific	problem	
and	desires	of	the	museum.	This	in	turn	creates	new	knowledge	that	can	be	shared	with	the	
community	at	large	(via	the	meSch	Share	service)	reviving	the	dynamics	of	the	craftsmanship	
workshop	in	the	digital	age	where	expertise	and	skills	are	acknowledged	and	the	perfectly	crafted	
unique	piece	embodies	values	of	quality	and	meaning	(Sennett,	2008).		
4.	Conclusions		
Digital	is	shapeless;	as	electricity,	it	needs	a	physical	embodiment	to	be	perceived	(Kuniavsky,	2010)	
and	the	embodiment	can	be	anything,	i.e.	a	shape-changing	wall	that	reacts	to	people’s	presence	
and	behaviour	(Yu,	et	al,	2016).	Digital	technology	and	information	is	a	pliable	material	with	unique	
properties	such	as	enabling	behaviours	or	keeping	a	state	memory	and	changing	it.	Processing	/	
delivering	digital	information	is	no	longer	the	purpose	of	an	object,	but	one	of	its	many	qualities	
(Kuniavsky,	2010).	This	is	a	shift	of	paradigm	for	interaction	design:	instead	of	designing	a	form	
around	a	set	of	functionalities,	it	is	now	possible	to	start	from	a	concept	and	consider	how	it	can	be	
technically	implemented	only	at	a	later	stage.	As	new	technology	is	invented	and	integrated	with	the	
emerging	infrastructure	of	Industry4.0,	designers	aware	of	the	possibilities	offered	by	Cyber-Physical	
Systems,	Cloud	Computing	and	IoT	can	explore	new	creative	spaces	where	digital	and	physical	are	
combined	seamlessly.	As	digital	is	neutral,	the	design	exploration	can	expand	in	many	different	
directions	that	use	the	same	technological	infrastructure,	i.e	new	forms	of	publishing	that	combine	
digital	content	and	material	books;	new	ways	to	browse	digital	photo	collections	using	personal	
bespoke	devices.	The	vision	is	of	aspects	of	Industry4.0	to	become	ubiquitous	and	available	to	
designers	for	the	creation	of	unique	pieces	that	fit	personal	values,	but	that	are	powered	by	the	
same	components.		
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